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1, INTRODUCTION

This manual is divided into two parts. Section 2 constitutes the user
gection, describing the overall flow of the codes, input data requirements,
and parameter relations. At the end of the section, a series of sample
problems is given to illustrate the use of the codes. Sample problem 1
exercises all parts of the computer algorithm and serves as a check case for
the installation of the codes on a given machine. Section 3 provides a
detailed description of all the codes and subroutines. The user need not
make reference to Section 3 or to the analysis in Volume I of this report to
successfully install and execute the aléorithm on a particular computer
system,

A brief syndpsis of the main program features and options are listed

below:

Flexible body geometry - The algorithm can treat a finite-length BOT of any

asymmetric cross section. The analysis assumes that the body is open on the
ends. Certain degenerate forms of the BOT configuration have also been
analyzed with this algorithm such as flat plates, parabolic and square
cylinders.

Arbitrary antenna placement and excitation - The algorithm treats single or

multiple rectangular aperture (slot) antennas embedded in the BOT surface.
Location of the antennas can be anywhere on the BOT. Spacing between adja-

cent apertures can be electrically small, All apertures can be asymmetric.

Surface currents - The algorithm outputs the surface currents on the BOT sur-

face in spatial and modal form, Both the magnitude and the phase of the t-

and z-directed components are given.

Choice of polarization and radiation planes - The radiated fields and the

power gain, normalized to an isotropic radiator, are given in the user-

specified planes for 0 and ¢ polarization,

o e At madiians |




Arbitrary choice of sampling points for near fields - The electric and
magnetic fields (six components in all) resulting from currents induced by
antennas on the BOT or by incident fields are computed at user-gspecified
points in the vicinity of the BOT surface,

Calculation of aperture-coupled fields - All the field components for the

electromagnetic waves penetrating a passive rectangular aperture on the BOT
are computed at user-specified sampling points, The size and location of
the aperture are also user specified.

The foregoing features of the algorithm are demonstrated in the sample
problems of Section 2,6. These features have been tested, and the corre-
sponding results are in good agreement with available data. As in all
modeling, caution must be exercised in applying this analysis to certain

proBlems such as the computation of the edge diffraction from the BOT ends
and the fields coupled through small apertures. To achieve sufficient

accuracy, &8 large number of modes may be necessary in these problems.




'
.,
-

3

tr :
1'_!'1
&

At

s A

>t
a

“x

-
.

S SRR

2, USER SECTION

The MM/BOT computer codes are written in FORTRAN IV, consisting of five
main-line programs (i.e., BOTZSS, BOTINV, BOTRA, BOTSCM, and BOTSCB) and one
small utility program (BOTSEG) as shown in Figure 1. The five main-line
programs use the same coordinate data file with minor deletions, depending
on which of the above programs are run, In addition, two binary disk files,
ZBOT and YBOT, are generated by the programs BOTZSS and BOTINV, All the
programs have user-oriented inputs, which can be easily generated for a given
problem., Examples demonstrating the input data requirements are discussed in
Section 2.6.

2,1 Implementation of Computer Codes

All of the BOT computer codes are written in USA Standard FORTRAN IV,
with the exception of end-of-file (EOF) checks in programs BOTINV, BOTRA,
BOTSCM, and BOTSCB. The EOF checks given in the listings in Appendix C are
specific to the compiler used in the program development (i.e., CDC CYBER 175
system). The functioning of the EOF checks in the present listings is as
follows:

I¥ (EOF(u)) a,b

u - unit number to check.
a - statement label to branch to if an EOF is encountered.
b - statement label to branch to if an EOF is not encountered.

This EOF check occurs in the listings (Appendix C) at the following
places:

BOTINV line numbers 480, 1310, and 1870

BOTRA line number 1500

BOTSCM line number 1300

BOTSCB line numbers 1330, 2125, 8310, and 8970
The device unit numbering convention is as follows:

unit number 5 - card reader

unit number 6 ~ line printer

unit number 1 - binary input disk file containing alternating

records of lengths 2 and 2(NP-3)2 words, respec-
tively. NP is the number of data points describing
the BOT generating curve discussed in Section 2.2.




Program block

BOTSEG

Coordinate
data file

BOT2ZSS
BOTINV
YgoT
BOTRA
g BOTSCM
BOTSCB
Figure 1.

Program function

Segments BOT generating curve {optional)

BOT input data file for the remaining programs

Computes Z, , submatrices for
OSKMENMODE-1and - m&<n<m
(Section 4, Volume I)

Partial ZgOT matrix, stored by submatrices

Fills the ZgQT matrix using mode-dependent
symmetries and inverts ZgOT
{Section 4.5, Volume I}

nverted ZgOT matrix, stored by submatrices

Computes far- and near-field radiation
(Sections 5 and 6, Volume I)

Computes monostatic RCS
{Section 5, Volume I)

Computes bistatic RCS, aperture penetration,
and near-field analysis.
(Sections 5, 6, and 7, Volume 1)

OP79-0451-23

Overall flow disgram for MM/BOT algorithm.




unit number 2 - binary output disk file containing alternating
records of lengths 2 and 2(NP-3)2 words, respec-
tively,

2.2 BOTSEG Description

BOTSEG is a utility program, which can be used to segment the BOT gene-

rating curve using a limited set of data points (see coordinate geometry in

Figure 2). The required input data and formats are described below.

100

Arc of radius a
17 —\
] | a
0 0 1 2 3 4
GP79-0481-24

Figure 2. Representation of a BOT with a cross section
formed by a wedge and arc segment.

READ(S5,1)NPTS,NP
FORMAT (213)

NPTS - Number of input data points used to describe the BOT gene-

rating curve,

NP - Number of equally spaced BOT generating curve data points to
be calculated., (The calculated data are used as input to the
remaining BOT programs.)

DO 100 I = 1, NPTS
READ(5,2)XTAB(I) ,YTAB(I),XC(I),YC(I)
FORMAT (4E10.4)
XTAB(I) - x coordinate of the I-th point on the input curve
(meters).
YTAB(I) - y coordinate of the I-th point on the input curve

(meters),

XC(I),YC(I) ~ (meters) Indicate whether the points [XTAB(I),
YTAB(I)] and [XTAB(I+1),YTAB(I+l)] are connected by a
straight-line segment or an arc with changing radius.

If XC(I) = YC(I) = 0, the segment is straight. Other-
wise, [XC(I),YC(I)] is assumed to be the center of an arc
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with the above end-points, where the radius changes
linearly with angle from [XTAB(I),YTAB(I)] to [XTAB(I+l),
YTAB(I+l)], subtending the angle of the triangle formed
‘by the three points. Note, if the three points are
colinear, the direction of the arc will be clockwise.

‘ For example, consider a cylinder with a cross-section given in Figure 2,
j The generating curve for this body can be represented with three points

(NPTS = 3) as follows:

0 0 0 0
3 1 3 0
4 0 0 0

BOTSEG 1is currently dimensioned to handle 100 points on the input curve
and 83 points on the output curve. The NP data points used to represent the
BOT generating curve determines the location and number of triangle functions
and its derivatives (denoted by arrays T and TP in the codes), used to discre-
tize the unknown currents on the BOT surface. As an example, Figure 2b shows

a portion of a BOT generating curve defined by points Ty» 12, 13 o« o e Ti with
the triangle functions centered at 13, 15, etc. Note the triangle functions
span five data points, with adjacent functions overlapping each other.

3
ééf-1?  OPTI-0M1-108
CEae Figure 2b. Trisngle functions on BOT surface.
v 2.3 Input Data Description and Formats
*}gi - A detailed description of the input data required by the five main-line
f§bff“ MM/BOT codes is provided below. READ statements and formats are listed in
2;” ‘ the order in which they appear within the programs, followed by a description

&?!ﬁ < of the required data for each of the main-line MM/BOT codes.




2.3.1 Primary Data Set

This data set is read and required by all the programs.

B B At S WIS

READ(5,1)NMODE
i 1l FORMAT(13)
; NMODE - Number of non-negative modes to be considered (i.e., there
U ; will be 24NMODE-1 total modes).
READ(5,2)NPT ,NBAND

2 FORMAT(213)

NPT - Number of diagonal bands to be used in each Z:tn. Z:tn.
] 1 ]
th , and Zzz gsubmatrix. NPT=1l indicates that only the
m,n m,n

diagonal terms are nonzero in each submatrix, NPT=2 indi-

r

cates that only diagonal and off-diagonal terms are non-
zero, etc. If NPT > (NP-3)/2, each submatrix is full,

‘ where NP is described below.

g NBAND - Number of submatrix diagonal bands to be used during the
BOT® NBAND=1 indicates that only the
diagonal Zm a submatrices are to be used during inversion.

? 3

NBAND=2 indicates that diagonal and off-diagonal Z sub- '?
] B

inversion of 2

n
matrices are to be used, etc, If NBAND > 2*NMODE-1, the

E entire zBOT matrix is inverted.
READ(5,3)NP,MC,BK

3 FORMAT(213,E14.7) ;

NP - Number of points used to describe the BOT generating curve. -

(NP must be odd.) If the BOT generating curve is closed
(i.e., the first and last points coincide), the programs will . é
] '; if increase NP by two and add two points to the generating curve :
‘ A (i.e., the YH and XH arrays described below). This new NP
should be used in all definitions involving NP (i.e., dimen-
sions, etc.).

MC - Number of terms to be used in the numerical integration of the
Green's function [Equation (34) of Volume I].
BK - Wave number for the problem (meters-l).
; READ(S5,4) (YH(I),I=1,NP)
N PN 4  FORMAT(10F8.4)
g - YH - Array of y coordinates for the generating curve (meters).

READ(5,5) (XH(1),I=1,NP)




5 PORMAT (10F8.4)
XH - Array of x coordinates for the generating curve (meters).
READ(5,6)L
6 FORMAT (F8.4)
L - Half length of the BOT (meters).

2.3.2 Scattering and Radiation Analysis Data Set
This data set is read by the BOTRA, BOTSCM, and BOTSCB programs. Addi-
tional data ate required by some of the above programs as specified later.
READ(5,7)NANG,NT ,PHII,THI
7 FORMAT (213,2F8.4)

NANG - Number of fixed radiation or scattering angles, as defined
by IPLANE below, NANG radiation or scattering patterns will
be calculated.

NT - Number of varied radiation or scattering angles, as defined
by IPLANE below.

PHII - ¢ angle of incident wave (degrees). Used only in BOTSCB

. program,

THI - 6 angle of incident wave (degrees). Used only in BOTSCB

program,
READ(5,8) (ANG(I) ,I=1,NANG)
8 FORMAT (10F8.4)
ANG - Array of fixed radiation or scattering angles, as defined by
IPLANE below.
READ(5,9) (IPLANE(I),I=1,NANG)
9 FORMAT (1018)

IPLANE - Array indicating whether the corresponding element of
array ANG is a ¢ or 0 angle. IPLANE(I)=1 indicates that
ANG(I) is a fixed ¢ angle., In this case, ¢ is fixed at
ANG(I) and 6 varies between 0° and 180° at NT equally
spaced angles., (The only exception is program BOTSCM,
where 6 varies between 0° and 90° at NT equally spaced
angles.) IPLANE(I)=2 indicates that ANG(I) is a fixed ©

angle. In this case, 6 is fixed at ANG(I) and ¢ varies
between 0° and 180°,

b
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$ 2.3.3 Antenna Related Data Set
E This data set is read only by the BOTRA program.and should be deleted
g when running the BOTSCB program.
READ(5,10)NSA
10 FORMAT(I3)
i NSA - Number of slot antennas on the BOT.
f READ(S5,11) (IS(K) ,K=1,NSA)
; 11  FORMAT(1018)
IS(K) - Triangle function at which slot antenna K is located
(centered).
READ(5,12) (ZO(K) ,K=1,NSA)
12  FORMAT(10¥8.4)
ZO(K) - Starting Z coordinate for antenna K (meters). ;
READ(5,13) (Z1(K) ,K=1,NSA)
13  FORMAT(10F8.4)
Z1(K) - Ending Z coordinate for antenna K (meters). (ZO(K) < )
Z1(K) for all K.) \
S READ(5,14) (EO(K) ,K=1,NSA)
14 FORMAT(10F8.4)
EO(K) - Constant excitation across slot antenna K [Equation (59)
of Volume IJ. (EO(K) is complex.)
READ(5,15) (TEXC(K) ,K=1,NSA)

15 FORMAT(10F8.4)
TEXC(K) - Indicates t excitation on slot antenna K when TEXC(K) ¢ O,
This is the (Ut) 4 term in Equation (47) of Volume I.
READ(5,16) (ZEXC(K) ,K=1 ,NSA)
16 FORMAT(10F8.4) :
ZEXC(K) - Indicates z excitation on slot antenna K when ZEXC(K) ¢ O, :

This 1is the (Uz):l term in Equation (47) of Volume I,
2.3.4 Aperture Analysis Data Set
This data set is read only by the BOTSCB program and should be deleted
B when running the BOTRA program,

BT I ) P
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READ(5,17)20,21,Y0,X0,Y1,X1
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FORMAT (6F8.4)

z0
Z1l

YO
X0

Y1

Starting z coordinate for the aperture (meters).

Ending z coordinate for the aperture (meters). If Z1 < Z0, an
aperture is not present, and the remaining parameters in this
data set are ignored.

Starting y coordinate for the aperture (meters).

Starting x coordinate for the aperture (meters). If the start
of the aperture is on generating curve segment I, the point
(¥0,Y0) should be approximately on the line segment joining
(XH(I),YH(I)) and (XH(I+1),YH(I+1l)). To be specific, XO must
lie between XH(I) and XH(I+l), and YO must lie between YH(I)
and YH(I+1).

Ending y coordinate for the aperture (meters).

Ending x coordinate for the aperture (meters)., If the end of
the aperture is on generating curve segment J, the point
(X1,Y1l) must satisfy the same conditions as (X0,Y0) above

with J replacing I, The aperture is assumed to start at
(X0,Y0) and extend to (X1,Yl) in the t direction (i.e., in

the direction of the generating curve), If the aperture does
not cover the peaks of at least two triangle functions, the

program will print an error message and stop execution,

2.3.5 Near-Field Analysis Data Set

18

19

This data set is read by the BOTRA and BOTSCB programs,
READ(5,18)NTEST
FORMAT (13)

NTEST - Number of test points at which near-field radiation or

scattering is to be calculated, NTEST may be set to zero.

Repeat the following NTEST times:
READ(5,19) ZTEST,YTEST ,XTEST
' FORMAT(3F8.4)

ZTEST - z coordinate of the test point (meters).

YTEST - y coordinate of the test point (meters).
XTEST

- x coordinate of the test point (meters).
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2,4 Parameter Selection

The choice of most of the parameters in Section 2.3 ig specified by the
user depending upon the explicit requirements of the problem., For example,
NSA is set by the number of slot antennas on the BOT. Similarly, BK is
determined by the frequency at which the MM/BOT analysis is carried out. On
the other hand, the choice of the parameters NP, MC, and NMODE is bagsed upon
the requirements of the MM/BOT theory, as explained below.

The parameter NP specifies the number of coordinate points used to
describe the BOT generating curve in the t-direction. These points in turn
define the segmentation (strips) of the BOT surface. In general, the sepa-
ration of the points should not exceed 0.15 A, If the BOT has a rapidly
changing surface geometry with sharp curvatures, a higher density of points
may be necessary, The resulting number of triangle functions used to expand
the surface currents on the BOT is determined by NM = (NP-3)/2. Since at
least one half of a triangle function should subtend an active aperture
antenna in BOTRA and at least two triangle functions must intercept a passive
aperture in BOTSCB, the value of NP is specified by these conditions as well
as the strip width. As a general principle, the accuracy of the analysis is
improved by increasing NP,

The parameter MC is used in the numerical evaluation of the integrated
Green's kernel Gmn [Equation (26) in Volume I). A necessary condition for
the approximations used in obtaining Gmn is that MC > 8(NMODE-1).

The parameter NMODE is set by the length of the BOT. In general, the
minimum requirement is that NMODE y 2L/\, where L is the (axial) half-length
of the BOT. This requirement is comparable to the MM/BOR analysis require-
ment that the maximum circumferential modes used be n v 7D/A, where D is the
largest diameter of the BOR. As a general observation, the accuracy of the
analysis increases and the spatial resolution of the surface currents on the
BOT is improved as NMODE is increased., This is particularly true for the
edge currents, However, practical computer main memory limitations usually
set the upper limit on NMODE.




2.5 Program Dimensions

The MM/BOT programs (Appendix C) are currently set up to handle problems
with the following set of parameters. (Some of the arrays are overdimen-
sioned in the listings.)

NMODE < 4

NBAND < 2*NMODE-1

NP < 19 (17 for a closed generating curve)

MC < 50

NANG < 6,

NT < 91

NSA < 20

NAM < 12 (NAM is the number of triangle function peaks subtended by an

aperture).
. For a different set of input parameters, the minimum dimensions required
for each program are listed below. Table 1 contains definitions of the
parameters used as the subscripts in the arrays enumerated in the dimension

statements.

TABLE 1. DEFINITION OF DIMENSION STATEMENT INDICES

Parameter Definition

LS NP-3

MC Input .

NAM Number of triangle function peaks subtended by
an aperture

NANG Input

NM (NP-3)/2

NMODE Input

NP Number of points on the generating curve {input).
If the curve is closed, use NP+2 in place of NP in
all definitions. -

NSA Input

NT Input

GP79-0481-108

BOTZSS Minimum Dimensions
COMPLEX Z(LS*LS),G((NP-1)*NP/2)
DIMENSION YH(NP),XH(NP),DH(NP-1)
DIMENSION SV(NP-1),CV(NP-1),XS(NP-1),YS(NP-1)
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DIMENSION UMN(MC),JK(4)
DIMENSION TP(4*NM) ,T(4*NM) ,TZ(4*NM)
BOTINV Minimum Dimensions

DIMENSION YH(NP) ,XH(NP)
COMPLEX Z(K1),2I(K2),WORK(K3)
DIMENSION NZ(K4)
COMMON NM,JK(4),LR(K5)
where K1 through K5 depend on NBAND and are defined below.

NBAND 1 <2ANMODE-~1 __22*NMODE-1
K1 0 Ls?x {(2+NMoDE-1) {LS*(2#W40DE-1) |
* (2*NBAND-1) —(NBAND-1) *NBAND }
K2 Ls? LS 2% (2+NMODE-1) Ls?
K3 0 LS 0
K4 0 2*NMODE-1 0
K5 LS LS LS* (24NMODE-1)

BOTRA Minimum Dimensions
DIMENSION IS(NSA),ZO(NSA),Z1(NSA),TEXC(NSA),ZEXC(NSA)
COMPLEX EO(NSA)
COMPLEX VM(LS) ,VN(LS)
COMPLEX GT(NT) ,GP(NT)
COMPLEX ESC(3) ,HSC(3),CUR(LS*(2*NMODE-1))
COMPLEX Y(LS*LS),RT(LS),RP(LS)
COMMON/BODY /DH(NP-1) ,R(NP-1) ,SP(NP-1) ,CP(NP-1) ,SV(NP-1) ,CV(NP-1),
BK,L NP, T (4*NM) ,TZ (4*NM)
COMMON/TEST /MC, GAMMA , TP (4*NM) ,XS (NP-1) ,YS(NP-1)
DIMENSION YH(NP),XH(NP),THR(NT) ,PHIR(NT)
DIMENSION ANG(NANG) ,IPLANE (NANG)
Subroutine PLANE dimensions are as follows:
COMMON/BODY/DH(NP-1) ,R(NP-1) ,SP(NP-1) ,CP(NP-1) ,SV(NP-1) ,CV(NP-1),
BK,L,NP,T (4*NM) ,TZ (4 *NM)
Subroutine NEARB dimensions are as follows:
COMPLEX G(NP-1) ,HO(NP-1) ,H1(NP-1)
COMMON/BODY/DH(NP~-1) ,R(NP-1) ,SP(NP-1) ,CP(NP~1),SV(NP-1),CV(NP-1),
BK,L ,NP,T(4*NM) , TZ (4*NM)
COMMON/TEST/MC , GAMMA , TP (4*NM) , XS (NP-1) ,YS(NP-1)

13




BOTSCM Minimum Dimensions

COMPLEX STT(NT) ,SPP(NT),STP(NT),SPT(NT)
COMPLEX YT(LS),YP(LS)
COMPLEX Y(LS*LS) ,RT(NT*LS) ,RP(NT*LS)
COMMON/BODY/DH (NP-1) ,R(NP-1) , SP(NP-1) ,CP(NP-1) ,SV(NP-1) ,CV(NP-1),
BK,L,NP,T(4*NM) ,TZ ( 4%NM)
DIMENSION YH(NP) ,XH(NP),THS(NT),PHIS(NT)
DIMENSION ANG(NANG) , IPLANE (NANG)
Subroutine PLANE dimensions are given under BOTRA dimensions,
BOTSCB Minimum Dimensions
COMPLEX STT(NT),SPP(NT),STP(NT),SPT(NT)
COMPLEX ESCT(3) ,HSCT(3) ,CURT(LS*(2*NMODE-1))
COMPLEX ESCP(3),HSCP(3) ,CURP (LS*(2*NMODE-1))
- COMPLEX Y(LS*LS) ,RT(LS),RP(LS)
COMMON/BODY/DH(NP-1) ,R(NP-1) , SP(NP-1) ,CP(NP-1) ,SV(NP-1) ,CV(NP-1),
BK,L,NP, T(4*NM) , TZ (4*NM)
COMMON/TEST/MC ,GAMMA, , TP (4*NM) ,XS (NP-1) ,YS(NP-1)
COMMON/S/LT (NAM) , VLOW(NAM) , VHGH (NAM) , IT (NAM)
DIMENSION YH(NP) ,XH(NP),THS(NT) ,PHIS(NT)
DIMENSION ANG(NANG) ,IPLANE (NANG)
Subroutine PLANE dimensions are given under BOTRA dimensions,
Subroutine NEARB dimensions are given under BOTRA dimensions,
Subroutine ASYMAC dimensions are as follows:
COMPLEX YA(NAMANAM) ,CAT(2*NAM) ,CAP (2ANAM) ,EVT (2*NAM) ,EVP (2*NAM)
DIMENSION FPP(3,NAM)FPPZ(3,NAM) ,LR(2%NAM)
COMMON/S /LT (NAM) , VLOW(NAM) , VHGH (NAM) , IT (NAM)
Subroutine APPAR dimensions are as follows:
COMMON /S /LT (NAM) , VLOW(NAM) , VHGH (NAM) , IT (NAM)

2.6 Sample Problems

.In this section, four sample problems are considered to illustrate the

use of the MM/BOT algorithm. Sample problem 1 exercises all the main-line

programs given in Figure 1, The inputs, outputs, and selected intermediate

results are reproduced here to provide a check case for the proper function-
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ing of the codes. Problem 2 demonstrates the radiation analysis for aperture
antennas embedded in an asymmetric BOT (i.e., wing section)., Problem 3 con-
siders the scattering from a square cylinder of finite length., Finally,
problem 4 demonstrates the use of the codes to compute the aperture-coupled
electric and magnetic fields inside a BOT, approximating a fuselage equipment

compartment when subject to electromagnetic illumination.

2.6.1 Problem la
Consider a right-circular cylinder of 2,76 A length and 0,216 A radius,
with an embedded ¢-polarized aperture antenna at ¢ = 0°, The aperture is
fed uniformly, subtends a 45° opening, and is 2.06 A long in the axial direc-
tion (see Figure 3a).
a) Calculate the power gain patterns in the horizontal (¢ = 0, 180°)
plane and the roll (6 = +90°) planes in the 6 and ¢ polarizationms.
b) Compute the currents on the cylinder surface.
c) Compute the electric and magnetic field components (near fields) at
test points on a line bisecting the aperture, 1.e., at XTEST =
14,256, 19.44, 71.28, 150, and 300 m where the corresponding
YTEST = ZTEST = 0.0.

GP79-0481-28

Figure 3a. Slotted cylinder for problem 1.
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Solution - The problem was solved by running the programs BOTSEG, BOTZSS,

BOTINV, and BOTRA in sequence, The calculations were carried out at 10 MHz
(A = 30 m), The cylinder was represented by NP = 17 points around the cir-
cumference,

Execution of BOTSEG is shown in Figure 3b, together with the data file
for the coordinates of the problem and a plot of the NP data points and
triangle functions for the cylinder cross section. (Note Figure 3b was
generated in a, time-share mode. The question marks at the beginning of each
line are prompt signs used in the time-share mode.) The generated file was
used as the basic input file for the programs BOTZSS, BOTINV, and BOTRA. Four
modes were used in the calculations, i.e., NMODE = 4, Partial listings of the
inputs and outputs from these programs are shown in the subsequent figures.
Specifically, the input data for execution of the programs are given in Figure
4, For reference, the variable of the data set are labeled with the appli-
cable format statements in parenthesis. Note the aperture coincided with the
fourth triangle function (IS = 4) and only one triangle function was used to
span the aperture (NSA = 1). If a non-uniform aperture excitation is desired,
then more triangle functions should be used to span the aperture each with a
different Eo’ Partial outputs from BOTZSS, BOTINV, and BOTRA are shown in
Figures 5, 6, and 7, respectively. The radiation power gain for the slotted
cylinder for the horizontal and roll planes normalized to an isotropic radia-
tor is summarized in Figure 7b. (The comparison of these results with the
MM/BOR analysis is given in Figure 10 of Volume I.) Partial output of the
currents on the cylinder is plotted in Figure 7c. The electric and magnetic
fields computed in the near-field analysis are listed in Figure 7d. (For fur-

ther discussion of these results, see Section 8 of Volume I.)

The foregoing calculations were carried out at 10 MHz. If the dimen-
sions of the body (BOT) and the antenna are given initially in terms of
wavelength, any convenient frequency can be chosen in the setup procedure for
carrying out the computations. If the data are to be compared with range
measurements at a given frequency, for ease of data interpretation, the

calculations are also done at that frequency.
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TEREE AT SE At LAY L ek e e ¥ e x e - o n e e - s A e 4 e A
RANH BOTSEG
? 317 (213)
200 0.0 6.48 0.0
7296 0.0 6.48 o.u} (4E10.4)
200 0.0

PERIMETER = 40.7150

NP =17
YH
0.0000 24798 45821 59867 64800 59867 4.5821 24798 0.0000 -2.4798
—4.5821 -5.9867 -6.4800 -5.9867 -4.5821 -24798  0.0000
XH "
0.0000 4933 18979 40002 64800 89558 11.0621 12.4667 12.9600 12.4667 1
11.0621 89598 64800 4.0002 18979 4933  (0.0000
; BODY COORDINATES + INDICATES TRIANGLE PEAK ,
j
6.4800 1 + 1 :
6.0480 1 . 2 4 1 1
. 5.6160 1 I
5.1840 1 I
4.7520 1 + + 1
43200 1 1 3 1
38880 1 1
34560 1 1 *
30240 1\ 1
25920 1 s 1 F
2.1600 1 1 !
1.7280 1 I b
1.2060 1 1 ‘ ‘
8640 1 I i ]
4320 1 1 ‘
0000 1+8 4 +1 L
~4320 1 1 '; 1
' —.8640 1 1 TR
: -1.2960 1 I ,
' -1.7280 1 1 .
Lo -2.1600 1 1
-25920 1 o L
-3.0240 1 1
-34560 1 1
-38880 1 1
-4.7520 1 + + 1
¥ -5.1840 1 I
. -5.6160 1 1
-6.0480 1 . 6 . 1
-64800 1 + i
YH/XH 1 1 1 1 1 1
. sTOP 0.0000 2.5920 5.1840 1.7760 10.3680 12.9600
: QP79-0481-26¢ K
5 Figure 3b. Execution of BOTSEG for problem 1, with triangle functions numbered on the plot. i
: - :
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L

N B, A

TT 108240

EEA

& A

ﬂ.m>

£'g:
m~>

10~3€202°~
10~39042°

10~32641°~
10-32€91°
10=-32641°~
10-39992°
10-3€202°~
10=34802°

20-3€116°=
20-34L9L %~
90-3C400°~
00=369%01°~
»0-31200°
%0-3449L°
Y0=3E119*
60-36025°~

90=-36119°~
$0-34L9L°~
y0-31208°~
60-306%01°
$0-3T7208°
¥0-34292°
$0-3€1Ty°
6C-3€099°

€0-319¢9°~
€0-32001°
€0-31€66°~
€0-31044°~
€0-31¢66°~
€0-32041°
€0~319¢9°-
€0~-34402°

»0-3432¢°
20~39409°~

€0=31L02°
§0-31022°
€0=-31L02°
20-392069°~
y0-3222¢°
$0=-32L¢1°~

20=3%011°~
20-31061°
20-320¥¢°~
90-31121°
20-3204¢€°
20-31061°~
20=3%011°
20-3692¢°

20-3%611°~
20-31801°
20=-3204¢°~
80=31121°~
20-320%¢°
20=-31861°~
20=-3ve1t”
80-3L12€°~

90-30%02°~
»0-38521°
¥0=39209°
40-30400°
90-39209°
y0-366L1°
%0-30402°~
»0-3019¢°~

10-3v662°
10-36L92°~

10-39892°
10-32641°~
10=32¢91°
10=-32641°~
10-39092°
10-3€402°~

60=-3699¢°~
$0-3ETT4°~
Y0-3LL9L°~
0=31209°~
60=-3¢992°~
$0-31209°
Y0-32494°
Y0-3ETT°

00-322¢€"°
$0-3E1T9°~
»0=-3L492°~
%0-31409°~
6C~32992°
90-304C0°
90-3L29L°
$0-36T1*

€0-34L002°
€0-3T9¢9°~
€0-32001°
€0-al1€es °~
€0-3T04%°~
€0=31¢05°~
€0-32041°
€0-319¢9°~

€0~32261°~
-3¢

90-32269°~
€0~31892°
€0=-31022°
€0-3TL42°
90=32409°~
y0=-3422¢"

30-3040¢°
20=3961%1°~
29-319a1°
29-3209€ °~
J0=-32121°
20-3209¢°
20=-3W9a 1"~
20~-3%611°

20-346L€°~
20~3%(1°~
20-31941°
20-320%€°~
90=-32121°~
20-3209¢°
2I-3Tudl*~
26~=-3%611°

9)=3819¢€°~
90-30%9J2°~
$J-3€5L1°
0-39269°
$0-30L06"*
$3=-35299°
s0-3c621°
$0-30492°~

M

-331¢

i

5! i fehe
{ b it
it mmu & e
- m e
Ly
- $g-3143
[ w‘
b - 4 ”w
bl
4 - r
4 4
i i
=336
y 0~3¢0 3
. - i
: i
-310¢ -3tL
L s i
b - 40~
4 - Q-
Jo . §C=
0
4 -
LMD R
[ - 4 ot-
» - 4 yQ~
¥ - ]
- $3-38:88.. £2-
=-31E6 528 -
” H 90~ 3 .“
. ikt
- y0-309 -
y 90~ “ -
e 35 -
- ("}
€ < o W -
-
15 i 3 m
11 vl -

"8 WeYA0Ad 4O} £~ = U = W JOJ SSILIBW SOUSTINUPE - ANILOG §O INAINO riieg GY sanbry

+ FEE TR

JEAR

e OOw

CIECCLCCOCLLEE
AR AR AR

NI

OCIOCLLLOC R
MAKARRARIAN]

i

Avﬂ

4

.m nm“
£l
RS-

rHHE

- mnn

[ - P“-l

eose

et
Lo o
[AK]

COOn s

[ 65400004

Tm&p%..n»

"RUJBW B X § XJIWOD B Ul | A 'MO[aq IndINo U "SUWINI02
AQ INdINO ase N ‘W SIBQWINU IPOW SO} SBI1IIBW 2DUBIIWPY




: "#] WG 104 0 = U = W 10} SEILIINW SOUBIWPE - AN|LOE §O IndanO [enseg 39 2inbiy
£€° 19906440 ’

20-30691°  $0-30v41°~ §0-3T662°~ §0-31M01°- .mwMo mmmwmﬂmo mmm“mmmn .-
20-36292°~ 90-306T4°~ 20-30691° 90-30v61°~ § .- .- . -
20-36292°- ¢ - o €0-3tiC°

20-36969° £0-3UTLE°  20-3€292°- ¥0-36E18°-
20-32066°~ £0-36004° 20-36969° €0-3LT46°

0'0, I073S9E9° SO-LTLEC  20-320¢6°- £0-36601°
2zA 20-36292°- 90-30E19°- 20-26969° €0-3L1LE° 9=

20-30651°  90-30961°~ 20-3€Z92°~ $0-~36E14°~
€0=31064°~ 60-36001°~ 20-30691° $0-30v61°= 20~

OT-32464°~ 91-ILLLY°~ Q1-3L99V°~ 0 nwmw
61-30%98° ST-30646° 1-362L9° IT-34816° uu“
01-39200° #T=32696°= L1-3999(°~ Q1-3£626°-
00, O1-303EE° PI-IGEES T-I9ELET GT-I0ELy°
ZIA  41-30269° 91-3L2L6°- 3T-3LL00°- IT-39106°~
PT-31T66° §1-ITOT2°= L1-3v901° 61-IL2L6°
9T-39969° 01-32941° 91-IL9ST°~ 9T-30601°-
1=34246° 61-30999°= A1-30694° 0T-30051°~

Pptuntent bt eutgbomtonbuntostoteontont
CRONOKROON0K)

|
O1-30266°- 4T-32611° 61-3Te6s* 1-30900°- §1-33 3833s-- 41N 3
OT1-360L1°- 01-30982° O1-3998v°~ 01-3206€°~ $1-39 1-385¢8: 8- =
0T-32909°- 91-39T62°- 91-39091°- 9T-3206(* &1- m sitisd: ol- <
070, OT-360T2"- 91-30656°~ 9T-39966°~ oT-39209° -390 33213~ Sl-igele. o=
2A g1e362e20 sT-262L6%- 61-21601° OL-35085° nm« m peeg:- S1-fddi-” of-
OT-3ET6L°  T-35696°- O1-Ieoz°- a1-3tos2* §1- w - —3e81d:” of-
01-36106° 81-32062° 91-32061° UT-296uE°~ §]- - “ jmilli =
01-32€06° 91-3290€° 61-3694%° @T-301L9°~ 81 - jt-feet- oH°
€0-3T694°= §0-30002°~ €0-3029L°~ §0-30222°~ §P-g1 to-3tit1- So-Reidl:
§0-36469°~ ¥0-36401° €0=3T69L°~ €0-3v002°~ §4- 130 5
£0-362€1°- €0-2904%° €0-324€9°- 90-39L01° €= -
00, 20-36292° €0-30651° €0-36261°~ E0-3eacy° {§= .

U go-2e261°- 50-2v0s9°  20-36292° €0-3059:° 8- s
£0-36269°~ 90-36201° €0-362€1°- £0-300Lv* $9- .
€0-31694°= §0-39003°~ €0-32469°- v0-3v201° §3- .

L]

€0-38294°~ €0-30222°~ €0-3169L°~ €O-39002°~




S DAL T, P S DR

"8, Wegosd 103 YHL0E )0 InhNO ERIRg 8. inbyy

0000°t 0000°0
ML 03

0000°0
M3z

(2= 03xId VI13IHL

2999°21 0096°21 L99%°21 ww“wumd mMMMuo

00+3L6€%0C2°
4

0000°t

0050° T¢

9%

BRI I 2T MBS WET
seuvrae oooneo servez MR BSHEET BRBEY SBMOE ROAEIE ARMOCE BRMAH

0s
N

‘T = Q3xI3 1INHd}I300D

s 379NV G3IXIJ ¥3d SITONY 40 ¥3ICUAN

0060°TE~- & 1

1z 02 S1 “ON VNNILNY

T -~ SYNN3LINY A0S 30 ¥IGUNN
m g:4¢-
i g:ge

379NV O03X.a

25

% = SITONV Q3IXId 310 ¥3IGWAN

000%° 1¢ o 108 40 HI9NIT=JTVH

4 1 02

L
d 300NN GNVEN 14N

e~

« T - ? .

3 ) ..x; . vl ¢,. u N N
,.a“.xw s £

o] M
Sy S S




4 20 RSN

y 92-1900-6L40

0 °0
°0 °0
.° .°
*0 °0
‘¢ ‘0
.° .°
.° .°

0

{POpPNPUD) “e| Wejqosd 104 YHLOE §O IndInO [erlied “vZ ainbig

s1°

61

‘0

(] 4

€0-369L°

°9 ] °Q
0 0 °0
9 0 T
0 *0 *0
9 *0 Y
0 9 9

NO1AVLIIX3-2
.° .o
‘0 °0
N014ViEOX3=L
NA
9 *0
‘0 e J
MOJAVAIIN I~
.° .°
*0 0
N0T1valON3=]
A

99=3T69€EL2° 90=-30E26266°~ 40=309990TT1° 90=-300C8L6L°%~

= ¥3R0¢ IALLIVINMKND  €0-369L1°

°0 °0 °0
‘0 *0 °0
-8 3 ]
8 3 -8
3 B 9

€0-3262T€06°~ Y0-39L09209°

A
fe on 2= oy

e $S300w LNIBMND NI ¥3N0¢

*0 °0
.° 0°
L1DOS O % L4
3 ]
hOIAVAIIRI-L
NA
3 3
NUTAVAION 3=
0 °0
‘0 0
NOIAVAIdX 3=}
€0-32001029°~ OOIunnn.hOOotn




IR SEUREIG S T £ 2 D o 1 VMBS T ey iy e

SRR e

TR

Power radiation patterns

Horizontal piane (¢ = 0°)

-2.21

TOTAL POWER(DB) =

POVWER(DB)

THETA

PHI

NG o O PN O NE. M PNO OO €O MM ¢ OMo

o OO LSOO DO .o 3
30‘833‘7*773gsegs‘;.,l.‘sggs.bea?"?‘ag~°3 -
....‘.‘.‘...‘.......'........ 0 000 000G BBOLIOIEOGCOOES N
665‘32296‘3236'79‘%077891‘9‘63%‘6‘2603‘566

) ' ' '

1000 NN NN RN N

OrANC O F =0 AIN-OM DN DN el MO O © DO P M Prmd i INID M B NN I 8 OO0 N 4 O
> ODMNL ON 4O 0 M MN I T ND O ME 0 O MO BN TP NM MO Ot NO TNMD OO
....OO...OOOO...O0.....0..0.0...0..00.......0.
N 00 & NGO TN 4O QN vt (N D et~ DUV NO Mot =t DN =410 NO Dt NP O O g O O 1N
090000000 CC0Ct0000 00000 O0CCO00 OO0 0000000000000
OTOSONOON rdr=d rbmd od #=0 md #4 =00N) (N4 gt ebomd P00\ O\1omt gt o0t S~HNS N et bt st b ot oot NN N OO O
PO 000000000 0800000000 00000000000 Q0BBBIRODNY

COCOOOOOCOOOCOCOOOCCOOOCOGOOOOOCOQOOOQOOOOOOOO
00000000000000000ooo.oooo.ooo00000000000000.0..

OTONOOTTHNOC T NOOS DNOVOTONOVOTTN COTRNOISONOOTTNOO
lacadaiale o ol Lo o T o L e e L T P

00000000000 VOO IO NOBO0O0 OOV IOO0O00OCCOCO0
00000 000000000000 000000000000000000000000sc00ees

0000N000000RO 0000 DOACVOACIC O ODCO0ICO0O000I00

Figure 7b. Partisl output of BOTRA for problem 1a.
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Figure 7b. Partial output of BOTRA for problem 1a. (continued)
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Figure 7b. Partial output of BOTRA for problem 1a. (continued)
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Figure 7b. Partial output of BOTRA for problem 1a. (concluded)
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Plot of currents along BOT

T-OIRECTED CURRENTS ON TRIANGLE FUNCTION 1
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Figure 7¢c. Partisl output of BOTRA for problem 1a. (concluded)
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2.6.2 Problem lb

Compute the monostatic (backscatter) cross sections at 10 Miz for the
following received and transmitted polarizations 98, ¢¢, ¢0, and 6¢ in the
horizontal (¢ = 0) and roll (8 = 90) planes for the cylinder configuration
used in problem la. For this part of the problem, assume that there is no

aperture on the cylinder. Compute the cross sections at 46(NT) equi~
spaced angles,

Solution - Since the basic body configuration was not altered, the results

from BOTZSS and hence BOTINV in problem la are used. The cross sections were
obtained from BOTSCM, Figure 8 depicts the input data to execute BOTSCM,

Partial listings of the output from BOTSCM including the scattering cross
sections are given in Figure 9.

. 200‘0 3975400
19 4

f- Py -e:z
b e han

.g 90, g} Scattering angles

9 b 6o 4708 =, 2447 Primary
i -2 S g s e e e

0P79.0481-
Figure 8. input data for execution of BOTSCM for problem 1b.
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Figure 9b. Partial output of BOTSCM for problem 1h.




O NG D0 BNMENNHNOHON ORI 0 QOO0 & N mN K OO N S NSO O reun 1
& O OO rife O P & NN D HON NP DD i N NOEH O N NS I F ODOMr0 O D iND
“ 0 0000 0000000000 00000000000 06000600606000000000000
s QU@ G I OO NP N O NG O O NGO VDN OO N ONMNG OO0 E N Omi®
~00 00000000 ~O00 0 0~000 000000 OnMO00 0000000000000
OO obrmbent (N Nt emtont ot NN 024 5=domt N SN et b =00\ Nomt = st NN b 0=t o4 NN bt 0t N Nt gt =t NN
PO 000000000000ttt

@ NE OO OVNNEANTH Ot BN DN 0 OO0 £~ NPrt N O OO N S MND O O NO
OriN OO0 st BO ¢ I & NN O ONNP i DD et N NOHM DO & © O ¢4 0 O OOVl
000 000000 OOP OO OO 0000000000 00000000000000009 000
et DIV @ O ©IN O NN O NG O OIND VOO O N O MNG O INDO I DD
0000000000000 OO0 000000 0m000 0000000000000
OO oot 0t 1) O\ mt et omd 8 0N O\ md 90 4 O NN embpmbomt (NI NS b=t md N OO 94 08 oo O\ O\ weibgmd ot o=\ O\rmd o=t =0 NI O
(NN NN NN NN N NN NN NN RN NN

S RE0 000 DOONN D00 00 CON D00 00 G ONNN 000 00 0 OO
R N N N N N N N N N N N S L N R S N L LG
[ R R NN NN NN N NN NN NN NNENNERENENENNEEEEE A EEE AN ERENNEN
[ O M O N N N N o o o SO S O S S

MONO=STATIC RCS(DB)

OG0 0 00 OXOM SO0 0000 DO BP0 0000 T LN OOD0 00 0 DO~
L N N N N N O N N N N e i e e e e e = S
“ ' EE FEXENENENEENEENNNENNNNENNNNNEN NN B NN N I B N N B I NN N NN NN NN
C 000000000 OCOOICLOOCOVOICOO0OCOO00O08000
ot grdrd ot gl gt 9 el relgmnd 74 gl o gl gl o sl el 9ot e nel 9= gt gl o0 0 =l ol el gt gl gl b ol gl el et 0l ol bl pd e

Monostatic scattering cross section

Roll plane (8 = 90°)

Figure 9c. Partial output of BOTSCM for problem 1b.
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2,6.3 Problem lc

Consider the cylinder in problem la with a passive aperture subtending
an angle of 45° and extending from -27,9 < Z < 27.9 m along the length of the
BOT. Let the edges of the aperture parallel to the z-axis be defined by the
coordinates YO = 4,5822, XO = 11.062, and Y1 = -0,001, X1 = 12,95, (Let NP =
17 and NMODE = 4,) ’

a) Calculate the bistatic cross sections when a TM (6-polarized) wave
illuminates the body broadside (6 = 90°). Repeat the analysis for a
TE (¢-polarized) wave, For this calculation, assume that the body
does not have an aperture,

b) Calculate the electric and magnetic fields penetrating the aperture
when the body is again illuminated broadside with a 10 MHz TM or TE
wave, along a line bisecting the aperture (i.e., the incident angles
for the wave are 91 = 905, ¢i = 22,5°). Sample the fields at the
following points, measured in meters, within the cylinder along a
line bisecting the aperture:

ZTEST YTEST XTEST
0.0 0.248 7.0787
0.0 0.7439 8.276
0.0 1.2399 9.4734
0.0 1.7359 10.6707
0.0 2.4798 12,4667

and at the following points outside the aperture:
0.0 0.0 14.2560
0.0 0.0 19,44
0.0 0.0 71,28
0.0 0.0 150
0.0 0.0 300

Solution - The solution to the two parts of problem lc was obtained by

running BOTSCB, using BOTINV output from problem la as the input. In this
analysis, the aperture was intercepted by two triangle functions. (For

larger aperture angles, more triangle functions fall within the aperture
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opening.) Figures 10 and 11 depict the coordinate file and partial listings
of the inputs and outputs of BOTSCB. The bistatic scattering cross section
for the apertureless body and the corresponding currents (partial listing)
for 6 and ¢-polarized incident waves are given in Figures 1llb and llc,
respectively. These outputs constitute the solution of the-first part of
problem lc. The solution of the second part of the problem, involving the
cylinder with the passive aperture, is summarized in Figure 11d.
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g -509 7 oz
221 0.052 322

tzz.sz.sogg.go.ooo }s
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Figure 10. Input data for execution of BOTSCB for problem 1e¢.
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Figure 11a. Partial output of BOTSCB for problem 1c.
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Figure 11b. Partial output of BOTSCB for problem 1c.
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(For spertureless body)
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Figure 11b. Partial output of BOTSCB for problem 1¢. (continued)
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+ PHASE

Plot of currents along BOT for

¢-polarized incident field

T-DIRECTED CURRENTS ON TRIANGLE FUNCTION 1

¢ MAGNITUDE
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Figure 11c. Partial output of BOTSCB for problem 1c. (concluded)
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2.6.4 Problem 2
Consider an asymmetric wing section of 2,76 A length, depicted subse-

quently in Figure 17, with coordinates specified in Figure 12, Use NP = 17
points to describe the body and let NMODE = 4, Compute the ¢-polarized
radiation patterns for a t-polarized axial slot antemna of 2,06 A length and ‘
0.125 A width, centered about Z = 0, X = 28.796, and Y = 26,085, (The loca-

tion of this slot corresponds to the eighth triangle function and is denoted

as antenna A in Figure 17.) Carry out the analysis at 10 MHz,

Solution - The coordinates for the wing section are input by the user. Then
the following sequence of codes are run: BOTZSS, BOTINV, and BOTRA. The
input data for execution of these programs are given in Figure 12. The par-

tial outputs from these programs are shown in Figures 13-15, The power

radiation patterns are summarized in Figure 16, These results are plotted in
Figure 17 for antenna location A, as well as locations B and C, (The latter

two patterns are obtained if the aperture coincides with the first and sixth

triangle functions in Figure 13, respectively.)
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Figure 12. Input data for execution of BOTZSS, BOTINV, and BOTRA for problem 2.
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Figure 16b. Partisl output of BOTRA for problem 2. (concluded)
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Figure 17. Computed radiation patterns for wing section.

2.6.5 Problem 3

sonsider a square cylinder with sides 0.3183 XA and a length of 2.76 A,
Illuminate the cylinder broadside (6 = 90°) with a TM (6-polarized) wave.
Repeat the analysis for a TE (¢-polarized) wave,

a) Compute thé resulting bistatic cross sections for all polarizations
both in the horizontal (¢ = 0°) plane and the roll (6 = 90°) plane
at 46(NT) equi-spaced angles.

b) Compute the magnitude and phase of the currents induced by the TM
and TE illumination.
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Solution - The calculations were carried out at 10 MHz (A = 30 m). The body

was represented by 17(WP) coordinate points, and 4(NMODE) modes were used.
The coordinate points are such that the corners of the cylinder correspond to
triangle function pesks. This restriction is necessary to obtain proper
accuracy in the calculations. The execution of BOTSEG is shown in Figure 18a
in the time-share mode. Input data to execute BOTZSS, BOTINV, and BOTSCB are
summarized in Figure 18b. Partial listings of the inputs and outputs for
these programs are given in Figures 19-21.

The results for the two parts of this problem are given in Figures 21b
and 21c. Comparison of the bistatic scattering results using the present
analysis with publighed data is summarized in Figﬁre 15 of Volume I. The

aperture penetration and near-field analysis options were not exercised in

this problem.
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Figure 18a. Execution of BOTSEG for problem 3, with triangle functions numbered on the piot.
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Plots of current along BOT for
6-polarized incident field.
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Figure 21c. Partial output of BOTSCB for problem 3.
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Plots of currents along BOT for
¢-polarized incident field

T=DIRECTED CURRENTS ON TRIANGLE FUNZTION
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Figure 21c. Partial output of BOTSCB for problem 3. (concluded)
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2.6.6 Problem 4

Determine the field penetration into a fuselage equipment compartment
represented by a BOT, depicted in Figure 22. Assume that the aperture, cen-
tered about Z = 0, is 1,656 A in axial length and 0,63 A in width., Let the
illumination of the body be broadside (6 = 90°) at 75 MHz in either 8 or ¢
polarization. Compute the fields at the following points:

Sample Point ZTEST YTEST XTBST
1 0.0 3.8242 -5.0
2 0.0 3.8242 -3.0
k] 0.0 3.8242 -1.0
4 0.0 3.8242 +1.0
5 0.0 3.8242 +3.0
6 0.0 3.8242 +5.0

arP7e 088 8V

Figure 22. Equipment compartment with aperture.
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Solution - The solution was implemented by running BOTZSS, BOTINV, and BOTSCB
in sequence. The parameters NP and NMODE were 33 and 4, respectively. The

necessary input data to execute the above programs are given in Figure 23,
with the partial outputs from BOTZSS, BOTINV, and BOTSCB shown in Figures 24,
25, and 26, respectively. The bistatic scattering cross sections and the
currents on the body with the aperture sealed are shown for 6 and ¢ illumina-
tion in Figures 26b and 26c, respectively, The electric and magnetic field
components inside the body at the various sampling points are summarized in
Figure 26d.

;g ia +1570798€+01 ‘ 1
8808 09000 11008 9:0088 00080 B BN RS R MEEN) mi, |
BRI -""3§g3 Ipreniaoiaethbipe et iosseiien B0, ¥
1008 g Chaa LI EI LUN TN R T Eh) e
‘}.2‘?: ’°°88.g°'°°°o} ttering angles and incident field b
-z.nzs .3125 $.0420 6,419¢ 2,8064 5,60883% — Aperture :
| B R e -‘
8 G j

Figure 23. input data for execution of BOTZSS, BOTINV, snd BOTSCB for problem 4.
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Plots of current along BOT for
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Figurs 26c. Partial output of BOTSCB for problem 4. (concluded)




0019909440

ficititd:
it
11 [P B
il
st

i
i5-3818¢-
B L
R 131E
=D 8

RN
i
s
scigtet:
ETTHE

7 H 4] ORI ¢34 1313
LR EH I 2 1R
{13181 SO 412 11 B
T M 34 11118
2411 ER 134 412

"y weyqosd 10} §ISL0B 40 INAINO jenseg “PYT GInBIY

feeaednt-
13414418
pe-diete-
R HIE
i 2N

MH e B H
1 b R
Az 3
f3icd 1

1o

aslize e

1 IR RO = 120} RO 11 N 1338 1134 B {4+ H B
IHe e WY 1d¢ Yiini idve
SANINOEN0) 0Vsl4 Sinandedud J1313
013144 31313-3
\

~m>

e
PUelIWpe aA

0;::&( A e
1zZA
[ uA

83. 43454

13514 N

448

$918UIPIO0D inLiady o..w

39:4052%:

R
0006°6 2924°C 0800°0
R
0000°c 2920°c 0000°0
8
200Ut 2024 J000°0
g
]
At 0000°i= 29¢e°E 0000°0
..a» u
L]
’ G0U0°e- 2924°C 0VI0*0
e
’ 0000°e~ 2924°c 00J0°0
20348 L3saA 13348

{Sp19} PIIANOD 9sNLIadE 103) SIsAIIn? G113 ¥fidn

14 2
& 1
st gt
$9-4014¢--
i 1318

°s 9909°2 v
ta

§-sidy

{3 Tl b4 O | =111 2

et ey
JEHHER =TT
o SIS
EHTH S
oww e gl

¥4 () [ ') TS ]

13 B

S

olycy Onooor

- .@nn-n .Nuﬂonl

SISATINY 2eflsiev




Do d S e o ~ " «.mm‘ oy ook = e i

3. SYSTEMS SECTION: DETAILED PROGRAM DESCRIPTIONS

A detailed description of each main-line MM/BOT program (Figure 1) will
be given, including a description of the flow diagram, subroutine input/out-
put arguments, and the special matrix properties used. A description of the
common variables used in the program, along with storage methods used in
certain arrays, is given in Appendix A. A summary of subroutine calling

programs 1is contained in Appendix B,

3.1 BOTZSS Program

BOTZSS generates the impedance submatrices Zmn for modes m,n where m = 0
to NMODE ~ 1, n = -m to +m, and |m - n| < NBAND. The impedance matrices are

generated in the lower triangular portion of Z Symmetry conditions are

BOT*
then applied in BOTINV in order to fill the entire Z

ture of the Z

BOT matrix, The struc-

BOT matrix is as follows:

Generated by
///—BOTZSS

aPr79-0481-107

where each of the Zm a matrices is comprised of four submatrices as follows:
]
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Figure 27 shows the flow diagram for BOTZSS., The equation numbers refer
to the theoretical expressions in Volume I,
The computation of the Green's function kernel takes advantage of the

fact that GIn a is symmetric (i.e., Gm a" tGm n). where t indicates the trans-
] »
pose operation. Only the upper triangular portion is stored as indicated in

the appendix; hence, (G_ ) is stored in location
m,n’1,]

G(1i + (3-1)3/2) when 1 < j
and

G(j + (1-1)1/2) when { > j.

The section that computes the impedance matrix Zm n Uuses the following

symmetries:

tt tt
zm,n t(zm,n)’

tz , . _
m . (Z , ) n
and

Zzz

m,n = t(zzz ) .

m, Nt

Thus, only the upper triangular portion of each of the Z:tn. z:tn
z2Z » 9

zm a needs to be computed. The remaining portion is filled using the

symmetry conditions above,

tz
R zm’n. and

In Figure 27, (xp, Y§) define a'point on the BOT, with VP being the angle
subtended by the x-axis and the BOT generating curve. The parameter § = T/L,
where L is the half-length of the BOT measured along the z-axis and I' is the
distance between adjacent (xp, Yp) points on the BOT generating curve. Note a
triangle function subtends 2 T.
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Line 1190 ;

Line 440
Read BOT input
data file

Line 575 _L

Plot generating curve

Line 690 l
[Compute body segment parameters)
Xgy Y COVpy sinvp IFand$

Line 851

Compute triangle functions
‘ .t Tl
Tp, Tp and P

s ¢

Step modes
m =0 to NMODE - 1
n=—-mto+m

Line 1008 J

Compute
umniljli=1toMC

iy

Numerical integration
of self term

Compute Green’s kernel
Gmn matrix

Line 2300 L

Compute impedance matrix
Zmn, composed of

tt t2
Zrmer € e Zener %9 2y

Line 2410 l

eru zmn to disk and line printer

No modes Yes

Figure 27. BOTZSS flow diagram.
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Subroutine PLOTB

{Symmetry conditions applied)

[Equations (23) and (26)] *

[Equation (29) via Simpson’s rule]
Subroutines CSIMP and FUNC

(Equations (25) - (28)] *

(Equations (17) - (20)] *

*Ses Volume I.

Stop
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3.2 BOTZSS Subroutines

3.2.1 Subroutine CSIMP

S Subroutine CSIMP is a Simpson integration routine with a calling state-
-
17
¢ CALL CSIMP(F,A,B,DEL,IMAX,SI1,S,N,IER),
B
; This routine computes S -.f F(x)dx using the method of succeassive bisections
. ' A ~
¥ of the interval until either a relative error of DEL is achieved or IMAX
: bisections have been performed, F must be declared external in the calling ' ]
; program, The following are returned by CSIMP:
; S ~ Approximate value of the integral.
{ SI1 - Previous approximation to the integral. Convergence has occurred i
if
IS_'_SH. < DEL, _'
. S ;
% N .- Number of intervals used in computing S.
: IER - Error return. IER = 0 indicates that convergence has occurred.
3.2,2 Subroutine PLOTB
Subroutine PLOTB plots the points on the generating curve of the BOT,
X Points on the BOT corresponding to triangle function peaks are indicated with
a plus sign, The calling statement is
CALL PLOTB(X,Y,N,NR), !
where .
X - Array of x coordinates to be plotted
& Y -« Array of y coordinates to be plotted ;
3 N - Number of points to be plotted _ Rr=
3 11'§ NR - Number of line printer rows to use for the y-axis, _;;
» _ The routine uses 51 columns for the x-axis, with the dynamic range on both g%
S@g the x and y axes equal, Hence, depending upon the type of line printer used, -
E; NR may have to be adjusted in order to obtain a plot that is not distorted };

P (i.e., the x and y axes have approximately the same physical length on the

line printer output). =




F 3.3 BOTINV Program

BOTINV fills the zBOT matrix using the output file from BOTZSS and
inverts this matrix according to the user's specifications. The following
symmetries are used to fill zno'r from the partial Z matrix generated by
BOTZSS (see Figure 28 for NMODE = 4):

BOT

mn
1
ey
VX

Figure 28. Zgqy metrix symmetries.




Main diagonal symmetry (Compute z,.. from z‘ n)
1
| |
tt tz : tt zt
? zn,m : zn,m zn,n : t(zn,n)
zn a = po oo — -i - e - PO R -
2 ’ 22t 222 _ (ztz )| 238
] n,m | “n,m t“a,n’ | “m,n
z Skew symmetry (Compute Z2_ _ from Z )
% -0 ’
| (
te tz tt zt) ;
Z—n,-m : z-n,-n zn,n :t(zm,n
Z W | o e e e - e - | e e e e e
i zt : 722 (2% ) : 522
.n.-m ' -ﬂ.'ﬂ t ‘.n I ﬂ,n

Figure 29 shows the flow diagram for BOTINV, Three types of matrix
1nversiops are allowed in BOTINV: total inversion, main diagonal inversion,
and partial inversion. Each of these options is described next,

.

Total Inversion - Total inversion is performed when NBAND > 2ANMODE-1l. In :
this case, the Z,.. matrix is stored by columns as follows:

tt)

2 Z((n + NMODE-1)*LS%* (2#NMODE-1)
m,n 1’1

+ (J-1)*(2*NMODE-1)*LS

+ (m + NMODE-1)*LS + {)

is stored at (z" ) + NM

(2%% ) i
1,3 ™84, 2

t2 ) 4o stored at (zL°)  + NMVLS*(2#NMODE-1) e

O ;

) + NM

(Zy,n 1,3

(z%% )

is stored at (Ztz
m m

n

o0 1,] 1,3

)
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Line 2900

Read BOT input
data file

Line 410

N Y
S NBAND = 1 s
\7/ {main disgonal J inversion)
Yes (partial inverse) — Step m from
§ 0 to NMODE-1
Line 1300 l
(total inverse)
Line 470 Read Zp oy from disk Lne 100§
by su ces and Read main disgonal
Read ZBOT from disk fill only the submatrices Zmm submatrix
. by submatrices and * 2 M‘:;"" i"""t"':
1 : fill entire Zggt  sing T Line 2100
3 matrix, using the symmetry conditions ne 1
symmetry conditions - invert Z ., vis
‘ Line 1820 ‘ ﬁ Gaussian elimination
k . Line 950 | invert staircase-type Line 2110 i
Invert 2 g vie T ot sumaicns] -
Gaussian elimination via a modified LU Write Yy to disk
L 1020 ‘ decomposition routine and line printer
Write YBOT to disk and u'l" 3940 1
line printer by submatrices Write YOT to disk Yes
. and line printer by
‘ submatrices
No
stop ‘ Line 2130
Stop Compute Y-m-m
from Ymm using
A symmetries
Line 2140 i
Write Y to
disk and "m printer
No
i Yes
1
Stop
Figure 20. BOTINV flow diagram. ar7s-oser-n
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Once the zm,r matrix is filled, it is inverted using Gaussian elimination
with partial pivoting, and written to disk file by submatrices.

Main Diagonal Inversion - Main diagonal inversion is performed when NBAND = 1,
In this case, the individual diagonal submatrices are inverted separately
using Gaussian elimination, For m ¥ 0, the following symmetry is used:

| L
g86 | gtZ gtt | _ gt%
A - | By Sh,l - (BB _|__ B0
-, n zzt I 2% _zzt | 2z
-m,~m : -m, -m m,n : m,m
vhich implies that
-1
(z-m,-m? qu,-m

has the same symmetries. Thus, at a given time, only Zm n wvhere m = 0 to
?
NMODE-1 is inverted. The symmetries are used, and the resulting (2*NMODE-1).

submatrices are written to disk file.

Partial Inversion - Partial inversion is performed when NBAND<2*NMODE-1, and
NBAND#l. In this case, the Z,.. matrix is filled only with the Z_  sub-

1 ]
matrice for which |m-n| < NBAND. The resulting Zgor matrix has a staircase-

type structure, The rest of the matrix is sparse. If each of the zm.n
submatrices are thought of as individual elements, zBOT can be considered as
a banded matrix. A modified LU decomposition can then be used with all
arithmetic operations replaced by the corresponding matrix operations. The
result is an L and U matrix which are also of a staircase~type, but are lower
and upper triangular, respectively, when the submatrices are considered as

individual elements, The inverse of Z can then be computed using forward

BOT

and backward substitution, again replacing arithmetic operations with matrix
operations. The result is a full inverted zm,r matrix which is written to
disk file by submatrices,




The zBOT matrix is stored by columns, if the individual submatrices Zh a

1 4
are considered as elements. Only the banded portion is stored., When MMODE =
4 and NBAND = 2 (refer to Figure 28), zBOT is stored in the following order:
Z3,-30 Lg,-30 B30 Zogpr T2 Bg g 0 0

Each submatrix 1is stored in LS2 successive locations by columns, For the

example above, Z_, _, would start at index Ls2 + 1.
-2,-

3.4 BOTINV Subroutines

3.4,1 Subroutine LINEQ

Subroutine LINEQ is a standard matrix inversion routine using Gaussian
elimination with partial pivoting, with the following calling statement and
arguments:

CALL LINEQ(LL,C,LR),

where
LL - Order of matrix to be inverted.
C - Array containing the matrix to be inverted, stored by columms. On
output, C contains the inverted matrix,
LR - Array of length LL used as a work space during the pivoting pro-
cess.,

3.4.2 Subroutine LIST
Subroutine LIST prints individual Yi a submatrices on the line printer
]
and writes them to a disk file. The calling statement and arguments follow:

CALL LIST(M,N,2),

where
M - Index m.
N - Index n

Z - Array containing the Ym a submatrix, stored by columns.
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3.4.3 Subroutine INVBAN

Subroutine INVBAN is a modification of a standard banded matrix inver-
sion routine using LU decomposition without pivoting, where only the banded
portion is stored by columns. Arithmetic operations were replaced by their

¢ A R PSSR AT
-
4f

) corresponding matrix operations, and indices were multiplied by LS2 since the
! i elements were replaced by matrices. The calling statement and arguments
follow:

CALL INVBAN (LS,NMODE,NBAND,NZ,A,Z,WORK) ,

;V where LS, NﬁDDE, and NBAND are described in Appendix A.
INPUT: NZ - Array used for indexing. In a normal banded matrix A, ,;
NZ(1) = N2(I-1) + (the number of zeroes below the band in
column I-1) + (the number of zeroes above the band in
column I), where NZ(1l) = 0. If A has order n, with only
the banded portion stored by columns, then Aij will be i
stored in location n(j-1) + 1 - Nz(j).
A - Array containing the staircase-type matrix to be inverted,
with storage details described above,
Z - Array of length L32 used as work area.
WORK - Array of length LS used as work area.
In addition, three variables are passed in common as follows:

COMMON NM,JK(4),LR
where
NM - Number of triangle functions
JK - Work array of length 4
LR - Work array of length LS.

3.4.4 Additional Subroutines

The subroutines MULTS, MULT, REPLACE, and ZERO perform matrix operations
which are documented in the listings,
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3.5 BOTRA Program
BOTRA computes the radiated far and near fields produced by one or more
slot antennas on the BOT (see Section 5 of Volume I). Figure 30 shows the

flow diagram for BOTRA with equation numbers referenced to Volume I.

The parameters (pp, ¢p) define (xp, Yp) in cylindrical coordinates.

Line 400

Read BOT input
data file

Line 1020 - l

Comlvsuto body segment me rs
X siny_, cosyv_, p_, sin -
NSk Pty

Lvino 1230 ‘
Compute triangle functions

t 3t
Tp,Tp,andT;

Line 1480 I
Read m, n, and Y., from disk

Line 1610

Calculate voltage arrays V, and V, | [Equations (10), (46) - (49))

Liné 1830 ‘
Calcullte'Im -E Yoo Vi [Equations (10), (43)]
Line 1836 ‘
Calculate P, .En Ve YmaVa [Equation (44))
OP79-0481-72

Figurs 30. BOTRA flow diagram.
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_'OI‘DO 90 IANG = 1, NANG

Line 1960

Line 2010 r

Setthe ¢ and 6,
radiation angles
Line 2150 {
DO 110K =1, NT
> Fix ¢, and 0,

Line 2155 ;

. . E
Calculate mode independent ion of [Equmons (38) - (41) without D (0) factoa :
transfer matrices for ¢, and 0, using ,
subroutine PLANE

Line 2170 ‘

Equation (43)
Calculau%:‘ Rp(®,. 01 |: quati ]

for 8 and ¢ polarizations

Line 2350 l ‘
Print power for ¢, and 0, [Equation (43]]

Line 2380 ‘

110 CONTINUE

Line 2385 ‘ o 4

90 CONTINUE

Figure 30. BOTRA flow diagram. (continued)

aPr79-0481-73
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Line 2427

List and plot currents

Line 2887

v

et DO 490 I TEST = 1, NTEST

Line 3037

v

’ Step modes
| m = —NMODE + 1 to NMODE - 1

Line 3087

v

Subroutines LPCUR and PLOT

(Neat-field analysis)

Compute

modat current coefficients

(for x, y,and 2 components) for the
electric and magnetic near-fields
using subroutine NEARB

[Equnions (67) and (71)]

Line 3107

v

X, Y, and

Sum Equations (67) and (71) for the

Z components of the

electric and magnetic fields

Line

All
modes
complete
?

3217

Print near-field results

Line 3367 ‘

490 CONTINVE

v

Stop

[Equations (72) - (74)]

Figure 30. BOTRA flow disgram. {concluded)
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3.6 BOTRA Subroutines

3.6.1 Subroutine PLANE

Subroutine PLANE computes the mode independent part of the transfer
matrices given in Equations (34-37) of Volume I. The calling statement and
argument list is given below:

CALY. PLANE(RT,RP,TH,NT,PHI),

vhere
RT - Array containing the mode independent part of the 8 polarized
transfer matrices, for NT different angles. See variable RT in
Appendix A for storage detalls,
RP - Array containing the mode independent part of the ¢ polarized
transfer matrices, for NT different angles. See variable RP in
Appendix A for storage details,
INPUT: TH - Array containing the NT 6 angles.
NT - Number of transfer matrices to be calculated, corresponding
to the angles in arrays TH and PHI.
PHI - Array containing the NT ¢ angles.,
In addition, the body parameters are passed to subroutine PLANE in the common
block BODY. The parameters in BODY are described in Appendix A,

3.6.2 Subroutine NEARB

Subroutine NEARB calculates the electric and magnetic modal current

coefficients for the near-field calculations (see Section 6 of Volume I).
The flow diagram for NEARB is shown in Figure 31. The calling statement and
argument list is described below: '
CALL NEARB(XTEST,YTEST,ZTEST,ZM),
where
INPUT: XTEST - x coordinate of test point.
YTEST ~ y coordinate of test point,
ZTEST ~ z coordinate of test point,
OUTPUT: 2M ~ Array of modal current coefficients for mode M, Storage
detalls are given in the appendix.




In addition, other variables are passed to NEARB in common blocks BODY, TEST,
and INT., These variables are described in Appendix A,

Line 4187 in
BOTRA listing. l

Compute Green's kernel column matrices
G, H2, and H! (Equations (58) - (60}, (63) - (68))

Line 4667 ‘

Compute coefficients multiplying
modal currents for electric and . Y
‘magnetic field forrt:\e thrr':om [Equations (87) and (71))
field components.

Figure 31. Subroutine NEARB flow diagram.

3.6.3 Subroutine LPCUR

Subroutine LPCUR lists and plots the BOT currents. The entire array of
t and z directed modal currents is first printed, followed by plots of the t
and z directed currents (magnitude and phase as a function of the normalized
z coordinate) for each triangle function on the body. The calling statement
and argument list follows:

CALL LPCUR(NMODE,NM,CUR),
where all of the input variables are described in Appendix A,

3.6.4 Subroutine PLOT
Subroutine PLOT plots the magnitude and phase of the currents on a given

triangle function. The calling statement is as follows:
CALL PLOT(Y1,Y2), .




o T

:q}n“'.\..:

2, .
kR

EZE =N

o s"r{‘*ﬂf’*”?”’,"m ’

vhere
INPUT: Y1 - Array containing the current magnitude at 41 equally spaced
z coordinates.
Y2 - Array containing the current phase at 41 equally spaced z

coordinates,

3.7 BOTSCM Program

BOTSCM computes scattered far fields in the monostatic mode (see Section
5.2 of Volume I). Figure 32 shows the flow diagram for BOTSCM with equation
numbers referenced to Volume I, All of the subroutines called by BOTSCM are
described in the BOTRA subroutine section. In the flow diagram, all transfer
matrices are computed in one call to PLANE, while in BOTRA and BOTSCM, one
transfer matrix is calculated at a time.

3.8 BOTSCB Program
BOTSCB computes scattered far fields in the bistatic mode, after which

scattered near fields can be calculated with or without an aperture present,
Figure 33 shows the flow diagram for BOTSCB with equation numbers referenced

to Volume I.

3.9 BOTSCB Subroutines
Jubroutines PLANE, NEARB, LPCUR, and PLOT are described in the BOTRA
subroutine section. Subroutine LINEQ is described in the BOTINV subroutine

section,

3.9.1 Subroutine APPAR
Subroutine APPAR calculates the aperture parameters LT, VLOW, VHGH, IT,

and NAM which are described in Appendix A. These variables are returned in
common block S. The calling statement and input parameter list is as follows:

CALL APPAR(X0,YO,X1,Y1,XH,YH,DH,NP,IEDGE),

vhere
X0, YO, X1, Y1l - Described in the user input section (Section 2),
XH, YH, DH, NP, IEDGE ~ Described in Appendix A.
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Line 380

Read BOT input
data file

Line 750 ‘

Compute.bodv segment parameters
X Yp, smvp, cosy, pp, sm¢p,
cos¢p. T, and 8.

Line 920 ‘
Compute triangle functions

t <t
Tp,Tp,andT;

Line 1088 ‘
DO 90 IANG = 1, NANG Rewind YBOT disk file

Line 1110‘

Set the ¢ and Os
scattering angles

Line 1260 ‘

Calculate mode independent portion of | Equations (38) - (41)
transfer matrices for each ¢, and 0, without
using subroutine PLANE D,,(6) factor]

Line 1290 l
Read m, n, and Ym.n from disk

Line 1300
End-of-file
?

No

Yes
Line 1950
Brint RCS for each ¢, and 6, ] [Equation (§1)]

Line 2090
90 CONTINUE

v

Stop

Figure 32. BOTSCM flow diagram.
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Line 1370

DO110K=1,NT
Fix ¢, lndd‘

P i L

e

| - —

Line 1480 {

Catculate R_(¢.. 0.) Y Ecustion (51
for 6 and ¢ polarizations. [Equation (51)]

Line 1600 l

Calculate and sum R, (¢, 8,) Ymn R(#,.0,) 10r86,]  (Equation (81)] .
¢9, 04, and ¢0 polarizations

Line 1800 ‘

110 CONTINUE

Figure 32. BOTSCM fiow diagram. (concluded)
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Line 400
Read BOT input
data file

Line 800 J
Compute body s2gment parameters
XY, siny, cosv o sing
cap, T.ands = ©

Line 1010 ‘
, . t 4t
Compute triangle functions Tp, T"r and T;

Line 1300 v
Calculate mode independent portion of incident | [Equations (38) - (41)
field transfer matrices using subroutine PLANE | without D, (6) factor]
Line 1320 ;
=4 Read m, n, and Ym.n from disk
Line 1330
—>®
No
Line 1480
|| Calculate | -%: Ymn R.nlé;. 0;) for
@ and ¢ polarizations 1
{Equations (10) and (51)] ]
errs-0m1-78 |
Figure 33. BOTSCB flow diagram. 1
A

o
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1
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Line 1600 ;
Line 1680 ‘
Set the ¢, and 8, scattering angles
Line 1780 ‘
DO 110K =1, Fix¢sand0,
Line 1790 ‘
Calculate mode independent portion of transfer | [Equations (38) - (41)
matrices for ¢, and 6, using subroutine PLANE | without D,,(6) factor]
Line 1810 ‘
Calculate TR .0,)1_ for80, ¢¢, 04,
2. m{0y: Oy) I for 00, 4, 09, and (Equation (51)]
¢0 polarizations
Line 2030 {
Print RCS for ¢, and 0, | [Equation (51)]
Line 2050 i
110 CONTINUE 1
Line 2060 l
80 CONTINUE
Line 2074 l .
List and plot currents 'S::r :fto'-?-es LPCUR
Line 2120 J
Read aperture parameters | (Aperture analysis)
Line 2130
@
Yes
Line 2168 : 3
Computs additional aperture parameters using ?’
subroutine APPAR ¥
Line 2179 L “
Compute the effective currents on the BOT in the ;
presence of the aperture for both the 6 and ¢ (Section 7.2- 7.4 7
polarized incident fields, using subroutine ASYMAC, on 7.2-7.4) v
APULSE, and LINEQ.

e

Figure 33. BOTSCS flow diagram. (continued)
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DO 490 ITEST = 1, NTEST | (Near-field analysis)

Line 2620 ‘

> Step modes
m = — NMODE + 1 to NMODE — 1

Line 2700
Compute modal current coefficient (forx, y, and z
| fie

components) for the electric and magnetic near- [Equations (87) and (71))
Ids uiing subroutine NEARB

Line 2730

Sum Equations (67) and (71) for the x, y, and z
components of the electric and magnetic fields,
for 0 and ¢ polarized incident fields

Yes

Line 3525

Print near-field results with .
or without an aperture present [Equations (72) - (74))

Line 3760
490 CONTINUE

Figure 33. BOTSCB flow disgram. (concluded)

3.9.2 Subroutine APULSE
Subroutine APULSE computes the t- and z-directed aperture pulse func-
tions. The calling statement and argument list is described below:
CALL APPAR(FPP(1,J),FPPZ(1,J),IT(J),LT(J),VLOW(J),VHEGH(J),D8),
vhere
OUTPUT: FPP(1,J),FPP(2,J),FPP(3,J) - The three t-directed aperture
pulse functions corresponding to aperture triangle fumc-

tion J are returned in these three successive storage

PO PPN S s B T e < gmer i




ol matrices as they are read from disk file,
' B

locations. Sees variable FPP in the appendix for storage
~ details.

i Wn~a«mm“a~vﬂw¢m

FPPZ(1,J),FPPZ(2,J) ,FPPZ(3,J) - The three z-directed aperture
pulse functions corresponding to aperture triangle func-

tion J are returned in these three successive storage
locations,

INPUT: 1T(J),LT(J),VLOW(J),VHGH(J) - Aperture parameters corresponding

to the J-th aperture triangle function, as described in
Appendix A,

DH - Array containing BOT segment lengths.

3.9.3 Subroutine ASYMAC

Subroutine ASYMAC computes the equivalent BOT currents in the presence a
of an asymmetric aperture (the underlying analysis is given in Section 7 of
Volume I)., The flow diagram for ASYMAC is shown in Figure 34. The calling

- statement and argument list is described below:

CALL ASYMAC(NMODE,ZO,Z1,Y,CURT,CURP,VT,VP,NM,DH),

where -

; INPUT: NMODE, 20, Z1 -~ Described in user input section,

g Y - Work array of length LS2 used to store the Ym sub-
B

’
CURT - Array of modal currents (resulting from a 6-polat1:éd
incident wave) on the BOT without an aperture present,
On returning from ASYMAC, the array CURT will contain the 4
modal currents on the BOT with the aperture present. :'C
Array of modal currents (resulting from a ¢-polarized
incident wave) on the BOT without an aperture present, 4
On returning from ASYMAC, the array CURP will contain the ﬁf
modal currents on the BOT with the aperture present. Fa
VI - Work array of length LS. E?
VP - Work array of length LS. ;fl
NM, DH - Described in Appendix A, o

it o stint ottt

CURP -
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Line 8230 in
BOTSCB listing ¢

Compute aperture E-field excitation weighting for
each triangle function subtended by the aperture,
using subroutine APULSE

Line 8300 ‘
Read m, n, and Y from disk |

Line 8340

‘Calculate aperture
admittance matrix
YA terms

Line 8610

Determine equivalent aperture current excitation
matrix CA for @ and ¢ polarized incident fields

Line 8780 ‘

Invert YA matrix

Line 8800 ¥

Calculate EV = YA'1 » CA for 0 and ¢
polarized incident fields

Line 8970 ; '

Read m, n, and Y, from disk

@ Yet ol RETURN

Line 9040 @\°

Calculate VVR matrix for 8 and ¢
polarized incident fields

Line 9170 {

Calculate currents on the BOT in the
presence of the apsrture for both 8 and ¢
polarized incident fields

{Equation (80)]

Rewind Ygqr disk file

[Equations (79)-(80), (88})]

[Equations (86a)]
Subroutine LINEQ

(Equation (88)]

Rewind Ygqr disk file

[Equation (90))

(Equation (91)]

Figure 34. Subroutine ASYMAC flow diagram.
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ANG
BK

-

CAT

CP(1)

CURT

cv(I)

DELTA
DH(I)

(Input
to

APPENDIX A: DICTIONARY OF COMMON PROGRAM VARIABLES
variables are described in Section 2.3; equation numbers refer
expressions in Volume I; page numbers refer to Volume II)

Input array of fixed radiation or scattering angles (p. 8).

Wave number (meters-l).

BK*L,

Array containing equivalent aperture currents resulting from a
¢-polarized incident wave [Equation (86)1. CAP(J) contains the
t-directed current on the J-th aperture triangle function (i.e.,
C;p). The z-directed current (i.e., C:p) 1s stored in CAP(J +
NAM).

Array containing equivalent aperture currents resulting from a
6-polarized incident wave [Equation (86)]. See variable CAP for
storage details.

Cosine of ¢ angle for generating curve segment I. (See Figure 5
of Volume I.) Corresponds to cos¢q in Equations (38)-~(41).
Array containing modal t- and z-directed currents on the BOT
[Equation (10)]. CUR [(m + NMODE -~ i)*LS + J] contains the t-
directed current for mode m on triangle function J. The z-
directed current is stored in CUR [(m + NMODE - 1)*LS + J + NM].
Used in BOTRA.

Array containing modal t- and z-directed currents on the BOT for
[Equation (10)]. See variable CUR for
BOTSCB.

and z-directed currents on the BOT for
0-polarized incident wave [Equation (10)]. See variable CUR for
Used in BOTSCB.

Cosine of Vp angle for generating curve segment I.
of Volume I.) [Equation (17)].
segment J.

GAMMA/L.

Length of generating curve segment I (meters).
n/180°.

¢-polarized incident wave
Used in
Array containing modal t-~

storage details.

storage details.
(See Figure 5
CV(J) corresponds to vq on

.
~ 3
A~
X
h
D




ESC

ESCP

ESCT

EO
ETA

FPP

FPPZ

i

Array containing electric near-field radiation components of f(t')
in the x, y, and g directions [Equation (67)], stored in ESC(1-3),
respectively. Used in BOTRA. _

Array containing electric near-field scattering components result-
ing from a ¢-polarized incident wave [Equation (67)]. Used in
BOTSCB.

Array containing electric near-field scattering components result-
ing from a 6-polarized incident wave [Equation (67)]. Used in
BOTSCB.

Input array for slot antenna excitation [Equation (46)]. (p. 9)
n= ¢§;7E; = 376.707 Q.

Array containing aperture E-fields resulting from a ¢-polarized
incident wave [Equation (89)]. EVP(J) contains the t-directed
E-field on the J-th aperture triangle function. The z-directed
E-field is stored in EVP(J + NAM). EVP(J) = Ev:; EVP(J + NAM) =
Ev:.

Array containing aperture E-fields resulting from a 6-polarized
incident wave [Equation (89)]. See variable EVP for storage
details.

Matrix containing the t-directed gulse functions on the aperture,

Fg q Vith @ = t [Equation (80)]. FPP(I = 1 to 3, J) contains the
]

t
three pulse functions F§ -1,p° F;’p, and Fj +1,p for the J-th

aperture triangle function.

Matrix containing the z-directed pulse functions on the aperture,
o

Fj q with @ = z [Equation (80)]. See variable FPP for storage
9

details.

Array containihg the integrated Green's function kermel G

{Equation (21)]. In BOTZSS, G is symmetric with only the upper

triangular portion stored by columns from index 1 to (NP -~ 1)*
NP/2. Gi,j is stored ;n location G[1 + (J - 1)*j/2] when 1 < J.
Half length of a triangle function base (meters).

Array containing the fields for the NT radiation angles [Equation
(43)] to compute ¢-polarized gain. '

Array containing the fields for the NT radiation angles ([Equation
(43)] to compute 6-polarized gain.
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HO

HSC

HSCP

HSCT

IEDGE

IPLANE

IS

IT(K)

& T B

S
LT(K)

Array containing the integrated Green's function kernel Hz(q),

(Y = 0) [Equation (63)] for the magnetic near fields [Equations
(63)-(66)]. | '

Array containing the integrated Green's function kernel Hn(q),

(Y = 1) [Equation (63)]) for the magnetic near fields [Equations
(63)-(66)].

Array containing magnetic near-field radiation components in the
X, ¥y, and z directions [Equation (71)]. HSC = ﬁ(t'), used in
BOTRA.

Array containing magnetic near-field scattering components result-
ing from a ¢-polarized incident wave [Equation (71)]}. HSCP =
H(r'), used in BOTSCB.

Array containing magnetic near-field scattering components result-
ing from a 9-polarized incident wave [Equation (71)]. HSCT =
H(r'), used in BOTSCB.

Indicates whether the generating curve is open or closed. IEDGE =

0 for closed and 1 for open.

Input array indicating whether corresponding element of array ANG
is a 6 or ¢ angle. (p. 8).

Input array for specifying location of slot antennas. [See
Equations (46)-(49).] (p. 9).

Indicates whether aperture segment K starts or terminates the
aperture. IT = - 1 for the start, IT = 0 for interior, and

IT = + 1 for termination.

NP - 1,

Half length of the BOT (meters).

Order of each zm,n submatrix. LS = NP - 3,

LS*LS

Triangle function peak number for aperfute segment K.

Mode number m.

Input variable. M in Equation (26). (p. 7).

Mode number n.

Number of triangle function peaks on the aperture portion of the
generating curve. NAM should be greater than 1, if an aperture

is present.
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NMODE

NM4

NPT

NSA
NT

NTEST
PHII1

PHIR(K)

PHIS(K)

R(I)

RP

NAM*2,

Input variable. Number of fixed radiation or scattering angles.
(p. 8).

Input variable. Number of submatrix diagonal bands used in Z
(p. 7). R

Number of triangle functions on the BOT generating curve. NM =
(NP - 3)/2,

Input variable. Number of non-negative modes. (p. 6).

Order of each zm,n gubmatrix., NM2 = NP - 3.

NM*4,

Number of points. on the BOT generating curve. (See Section 2.4.)

-1
BOT*

Input variable. Number of diagonal bands used in impedance
matrices. (p. 7).

Number of slot antennas on the BOT.

Input variable. Number of radiation and scattering angles.

(p. 8).

Input variable. Number of test points for near-fields. (p. 10).
¢ angle for the incident wave (degrees). PHII = ¢1 in Equation
(51).

¢ angle for the radiated fields (degrees). PHIR(K) = ¢r in
Equation (38).

¢ angle for the scattered fields (degrees). PHIS(K) = ¢; in
Equation (51).

Distance from origin pq to generating curve segment I (meters)
[used in A in Equations (38)-(41)].

Array containing the mode independent portion of the Rt¢ and Rz¢
matrices (i.e., with the o term removed), resulting from a ¢~
polarized incident wave [Equations (40)-(41)]). The order of

storage is
{(Rt¢)1, 1i=1t¢to NM} followed by

{(R ¢)i’ i=1to NM}
RP may contain the transfer matrices for several (¢, 6)
angles. In this case, the starting index is off-set by a multi-

ple of 2*NM,
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RT

SP(I)
SPP
SPT
STP

STT
SV(I)

TEXC
THI

THR(K)

THS (K)

TZ

Array containing the mode-indépendent portion of the R;e and Rze

matrices (i.e., with the o term removed), resulting from a 6-
polarized incident wave [Equations (38)-(39)]. The order of

storage is
{(R;e)i, 1=1to NM} followed by

{(R:e)i, i=1to NM}

As in RP, the starting index may be off-set by a multiple

of 2*NM,

Sine of ¢ angle for generating curve segment .I. (See Figure 5 of
Volume I.) Corresponds to sin¢ in Equations (38), (40).

Array containing o:¢ for the NT scattering angles [Equation (51)].

Array containing ¢' for the NT scattering angles [Equation (51)].

Array containing oe¢ for the NT scattering angles [Equation (51)].
Array containing 060 for the NT scattering angles [Equation (51)].
Sine of vp angle for generating curve segment I. (See Figure 5 of
Volume I.) [Equation (17).] SV(J) corresponds to vq on segment J.
Array containing the values of the triangle functions T;.

T[(K - 1)*4 + p] contains the values of the kth triangle function
over the p-th segment forming it. 1 < p < 4. [Equations (17)-
(20).] (p. 6).

Input array indicates t-excitation on slot antenna. (p. 9).

6 angle for the incident wave (degrees). THI = 61 in Equation
(51).

0 angle for the radiated fields (degrees). THR(K) = et in
Equation (43).

© angle for the scattered fields (degrees) [Equation (51)].

Array containing the values of f;. The storage method is the

same as for T [Equations (17)~(20)]. (p. 6)

Array containing the values of T;. The storage method is the

same as for T [Equations (17)-(20)].

Imaginary number 1.

Array containing values of the un function [Equation (23)] needed
in numerical integration of the Green s function kernel. (See
Equation (27).]°
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Upper "part" width associated with I-th aperture port.

Lower "part" width associated with I-th aperture port.

Array of voltages corresponding to mode M. VM(K) contains t-

4 o8 triangle function K. VM(K + NM) contains
z-directed voltages v:i on triangle function K [Equation (11)].

directed voltages V;

Array of voltages corresponding to mode N. The storage method is
the same as for VM [Equation (11)]. ‘
Array containing the equivalent BOT voltages with an aperture
present, resulting from a ¢-polarized incident wave [Equation
(90)]. vPQJ)) is V;j and contains the t-directed voltage on the
BOT triangle function J. The z-directed voltage V:J is stored in
VP(J + NM).

Array containing the equivalent BOT voltages with an aperture
present, resulting from a 9-polarized incident wave [Equation
(90)]. VT(J) contains the t-directed voltage on the BOT triangle
function J. The z-directed voltage is stored in VI(J + NM).
Starting x coordinate for aperture. (p. 10).

Ending x coordinate for aperture. (p. 10).

Input array of x coordinates for BOT. (p. 7).

x coordinate for generating curve segment I (meters) [Equation
(28)].

Input variable for near-field test point x' in r' [Equations (67),
(71)]. (p. 10). '

Array containing the Ym submatrix [Equations (43), (51)]. In

the near-field analysia:nhowever, Y contains the measgrenent
matrix ZM. Ym,n is stored by columns.

Starting y coordinate for aperture. (p. 10).

Ending y coordinate for aperture. (p. 10).

Array containing the aperture admittance matrix, stored by columns
[Equation (88)]. YA is of order NAM.

Input array of y coordinates for BOT. (p. 7).

Array used as intermediate storage, containing R:(o.. ¢.) Y-.
for a given m, n, and scattering angle [Equation (51)].

y coordinate for generating curve segment 1 (meters) [Equation

(28)].
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Array used as intermediate storage, containing 32(0.. 6.) Y-.n
for a given m, n, and scattering angle [Equation (51)].

Input variable for near-field test point y' in r' [Equations (67),
(71)]. (p. 10).

Array containing the zm.n submatrix [Equations (10), (17)-(20)].
In the program BOTINV, however, Z contains the entire zn‘,,r
matrix. zm'n is stored by columns.

Input array [Equation (48)].

Artay containing the electric and magnetic modal current coeffi-
cients for near-field calculations [Equations (67), (71)]. 2ZM
uses the same storage location as the Y matrix, which is of order
LS, stored by columns. Rows 1 through 3 of ZM contain the M-th
modal current coefficients for the electric near-field components
in the x, y, and 2, respectively, at the point (XTEST, YTEST,
ZTEST). Similarly, rows 4 through 6 of ZM contain the M-th modal
current coefficients for the magnetic near-field components in

the x, y, and z directions, respectively.

Input variable for near-field test point z' in r' [Equations
67), (71)). (p. 10).

Input. 20 has different definitions in the programs BOTRA and
BOTSCB [Equation (49)]. (p. 10).

Input. Z1 has different definitions in the programs BOTRA and
BOTSCB [Equation (49)]. (p. 10).
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APPENDIX B: SUBROUTINE CALLING PROGRAMS (BOTZSS,
BOTINV, BOTRA, BOTSCM, AND BOTSCB ARE

MAIN PROGRAMS)

Subroutine Calling program
APPAR BOTSCB

APULSE ASYMAC

ASYMAC BOTSCB

CSIMP BOTZSS

DBCON BOTRA, BOTSCB, BOTSCM
FUNC CSIMP

INVBAN BOTINV »
LINEQ ASYMAC, BOTINV, INVBAN
LIST BOTINV, INVBAN

LPCUR BOTRA, BOTSCB

MULT INVBAN

MULTS INVBAN

NEARS BOTRA, BOTSCB

PLANE BOTRA, BORSCS, BOTSCM
PLOT LPCUR

PLOTB 8OT2SS

REPLACE INVBAN

SINC BOTRA, BOTSCB, BOTSCM
ZERO INVBAN

OP7N-0481-02
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